Hadron modifications in nuclear matter are discussed in connection to chiral symmetry restoration and/or hadronic many body effects. Experiments with photon, proton and heavy ion beams are used to probe properties of hadrons embedded in nuclear matter at different temperatures and densities. Most of the information has been gathered for the light vector mesons ρ, ω and φ. HADES is a second generation experiment operating at GSI with the main aim to study in-medium modifications by means of dielectron production at the SIS18/Bevelac energy range. Large acceptance and excellent particle identification capabilities allows also for measurements of strangeness production. These abilities combined with the variety of beams provided by the SIS18 allow for a characterization of properties of the dense baryonic matter properties created in heavy ion collisions at these energies. A review of recent experimental results obtained by HADES is presented, with main emphasis on hadron properties in nuclear matter.
Introduction
Sizable spectral modifications have been predicted by various theoretical models for hadrons embedded in cold or hot and dense nuclear matter. In this respect, most attention has been focused on properties of the light vector mesons (ρ, ω, and φ) as probes of chiral symmetry restoration (for reviews see [1, 2] ). Early work based on QCD sum rules suggested a direct link between changes of the meson masses and QCD vacuum properties, characterized by a reduction of the expectation value of the two-quark condensate [3, 5] . More recent work shows however that, while such a link indeed exists, it is much more sophisticated than originally thought and offers a rather limited predictive power [1] .
On the experimental side, a lot of experimental activities have been carried out over the last years investigating the light vector meson production off nuclei with proton and photon beams, and in heavy ion reactions. Two experimental approaches have been used to identify in-medium modifications of the vector mesons: (i) directly, via the reconstruction of their invariant mass distribution from the detected decay products and (ii) by quantifying the meson absorption in nuclei from the production yields and by connecting it to the in-medium width Γ * tot by model calculations (this method is used for p(γ)+A collisions). The best suited final state are dileptons, which does not suffer strong final-state interactions (FSI) with the nuclear matter, but one has to cope with the small branching ratios (∼ 10 −5 ). The densities and temperatures reached in heavy ion collisions are of course higher, and larger effects can be expected but one has to properly model the time evolution of the collision system to calculate dilepton radiation. Moreover, in order to access the true in-medium radiation one has to subtract the contribution of mesons decaying in the late state of the heavy ion collision, that is after the so called "freeze-out" where all interactions between the produced particles have ceased.
Results from p(γ) − A experiments are somehow controversial: while the E325 experiment at KEK claims [4] the observation of a mass drop of the ρ meson in the e + e − invariant mass spectrum according to the Brown-Rho scaling [5] , investigations at JLAB (CLAS) [6] does not corroborate such a conclusion showing only slight broadening of the ρ. Transparency measurements for the ω at ELSA/MAMI (CBELSA-TAPS) [8] and JLAB [7] , and φ at COSY (ANKE) [9] , LEPS at Spring8 [10] indicate large absorption of both mesons. However, the extraction of the in-medium widths from the measured nuclear transparency is not straightforward and even model dependant (for a review see T. Rodrigez's contribution to this conference).
In heavy-ion collisions, the search for vector meson spectral modifications via dilepton spectroscopy was pioneered by the CERES [11] and HELIOS [12] collaborations at the CERN SPS and the DLS experiment [13] at Bevalac. A low-mass pair excess, below the ρ/ω pole, above the yield expected from free hadron decays after the freeze-out, was reported and was widely discussed in many theoretical papers (for a review see [2] ). Though the limited statistics of these experiments did not allow to derive firm conclusions, results obtained at SPS indicate that the excess is related to pions annihilating into the ρ meson, hence it is directly linked to the ρ inmedium spectral function. The breakthrough in this field was achieved with the high-statistics NA60 data set which allowed, for the first time, to extract the in-medium spectral function of the ρ meson [14] . Comparisons to various theoretical calculations show that the spectral function is mainly affected by two in-medium effects: (i) modification of the pion loop in the ρ meson self-energy and (ii) direct rho-meson couplings to low-mass baryon resonance-hole excitations [15] . Furthermore, it appears that the second mechanism plays the essential role in the observed melting of the ρ meson in hot and dense nuclear matter. On the other hand, the naive mass dropping scenario was found to be not supported by the data.
At top RHIC energies, the situation is less clear: first results from most central Au + Au collisions at √ s=200 GeV obtained by PHENIX indicated even larger excess than at SPS [16] .
However, new measurements performed by STAR (see contributions to this conference) do not corroborate this observation.
On the other side of the energy scale at 1-2 AGeV, results of the DLS experiment could not find a satisfactory explanation for a long time. Dielectron spectra measured even in light C + C collisions were not described by any model calculation showing a large excess in the mass 0.6>M e + e − >0.15 GeV/c 2 range. However, nuclear matter probed in this energy range is dominated by baryons (nucleons and up to 30% low mass-baryonic resonances) and it has a different composition from the meson (mainly pion) dominated one probed at SPS. Therefore, it was not clear if the excess is due to some particular features of baryonic sources not properly modeled in the calculations or true in-medium effects.
A clarification of this dilemma was one of the main reasons to build the HADES experiment at GSI [17] . It is a second generation versatile detector, shown in Fig.1 , with excellent particle identification capabilities and large acceptance. HADES (High Acceptance DiElectron Spectrometer) has, for the first time in this energy regime, the capability to simultaneously measure various rare probes like dielectrons, single (kaons, hyperons) and double strange hadrons (Ξ − (1321) and φ mesons. The ability to study strangeness production is particularly interesting from the point of view of still unsettled questions of kaon in-medium properties (for a review see [18] ). Experiments performed at GSI by means of KAOS and FOPI detectors provided many interesting data. However, further precise measurements of kaon flow, low transverse momentum distributions of kaons and φ production are necessary to fully characterize kaon production in A RICH detector with gaseous radiator, carbon fiber mirror and UV photon detector with solid CsI photocathode is used for electron identification. Two sets of Mini-Drift Chambers (MDCs) with 4 modules per sector are placed in front and behind the toroidal magnetic field to measure particle momenta. A time of flight wall (TOF/TOFINO) accompanied by a Pre-Shower detector at forward angles is used for additional electron identification and trigger purposes. The target is placed at half radius off the centre of the mirror. For reaction time measurement, a START detector is located in front of the target. A few particle tracks are depicted too.
Momentum reconstruction is carried out by measuring the deflection angle of the particle trajectories derived from the 4 hit positions in the planes of the Mini-Drift Chambers (MDC) located before and after the magnetic field region. Electron identification is performed with the hadron-blind gas Ring Imaging Cherenkov detector (RICH) together with the Multiplicity and Electron Trigger Array (META) consisting of time-of-flight scintillator walls (TOF/TOFINO) and electromagnetic shower detectors (Pre-Shower). A powerful two-stage trigger system is employed to select events within a predefined charged particle multiplicity interval (first-level trigger LVL1), as well as electron candidates (second-level trigger LVL2).
In the following, a detailed description of the main spectrometer components is given: magnet (sect. 2.1), RICH (sect. 2.2), tracking system (sect. fiber mirror and UV photon detector with solid CsI photocathode is used for electron identification. Two sets of Mini-Drift Chambers (MDCs) with 4 modules per sector are placed in front and behind the toroidal magnetic field to measure particle momenta. A time of flight wall TOF/TOFINO ( the latter one replaced in 2010 by a high granularity RPC) accompanied by a Pre-Shower detector at forward angles is used for additional electron identification and trigger purposes. The target is placed at half radius off the center of the mirror. For reaction time measurement, a START detector is located in front of the target [17] Using the variety of proton, deuteron and ion beams HADES can study elementary and heavy ion reactions creating dense (up to 3ρ 0 ) and hot (with temperatures up to T=80 MeV) nuclear matter with relatively long life time (∼ 10 fm/c). With its future scientific programme at SIS100 at FAIR it will also cover the 8 − 10 AGeV energy range, where there is no dielectron data up to now. Therefore it also will, together with the future Compressed Baryonic Matter experiment of FAIR [19] , provide further valuable data to complete our understanding of the nuclear matter phase diagram in the baryon rich region.
Experimental programme of HADES
The HADES programme realized so far can be divided into three strongly interconnected parts. Experiments studying dielectron, pion and baryon resonance production in proton-proton (at 1.25, 2.2 and 3.5 GeV) and d + p (at 1.25 GeV) reactions provided important constraints on contributions of various e + e − sources and allowed to establish model independent reference spectra for studies of proton-nucleus and nucleus-nucleus collisions. p + p collisions at 3.5 GeV provided also valuable new data on hyperon Σ(1385) and Λ(1405) production. The vector mesons and the neutral kaon productions were investigated in p + N b collisions at 3.5 GeV to search for meson modifications in cold nuclear matter. Small C + C and medium size Ar + KCl collision systems were explored in the 1−2 AGeV energy range to verify the origin of the dielectron excess observed in DLS experiments and to study strangeness production (φ, K −,+,0 , Λ, Ξ − (1321)). Studies of nucleus-nucleus collision systems has been continued in 2012 with Au + Au collisions at 1.25 GeV. Below we present highlights of the results obtained so far, with emphasis on hadron in-medium properties.
Results from N-N collisions
The special character of e + e − production in N − N collisions in the 1-2 GeV beam energy range is given by a strong contribution of baryonic sources: Dalitz decays of nucleon resonances R → N e + e − (mainly ∆(1232)) and N − N bremsstrahlung, and a strongly rising excitation functions of the η meson production [20] . The baryonic sources completely determine the e + e − invariant mass distribution above the π 0 mass at beam energies below the η meson production threshold (E thr beam =1.25 GeV) [21] . The latter contributes via η → e + e − γ decay at the same level as the baryonic sources already around 1.6 GeV. The vector meson production is small because of the high production threshold (E thr beam =1.88 GeV for ω) and adds an important contribution to the invariant mass spectrum at M e + e − > 0.6 GeV/c 2 . While the exclusive ω and η production in p + p reactions close to the production threshold is very well known, the data on ρ are scarce. Furthermore, in contrast to the ω and φ production mechanisms, which essentially do not show resonance contributions, a strong coupling of the ρ meson to the low-mass baryonic resonances (D 13 (1520),P 13 (1720),..) has been predicted by many models (see for example [22, 23] ). Since the ρ meson is a broad resonance these couplings can lead to the spectral function very different from a simple Breit-Wigner distribution even in elementary reactions. On should underline that a detailed understanding of these couplings is a prerequisite for any conclusions on in-medium modifications in nuclear matter. This statement holds also for the situation at higher beam energies where, as already discussed above, baryonic effects are of major importance for the interpretation of NA60 and CERES data. One should also stress that decays processes like R → N e + e − (Dalitz) and R → ρ(→ e + e − )N are strongly linked and should not be in general treated as a two separate decay channels. A natural connection should be provided by a structure of the electromagnetic transition form factors in the time-like region, i.e its dependence on the virtual photon (or e + e − invariant) mass. Calculations performed within the extended Vector Meson Dominance (VMD) model [26] and the two component model [27, 28] indeed show the importance of the vector mesons in such transitions. However, new precise data from proton and, in particular, pion induced reactions on such decays are needed to provide more constraints for calculations. We come to this issue in discussion of the HADES data obtained at higher beam energy of 3.5 GeV.
The other silent feature of dielectron production in N + N reactions is a very strong isospin dependence. This feature was already demonstrated by the DLS experiment measuring excitation functions of the pair production in p + p and d + p collisions in the beam energy range E beam 1-4.88 GeV [25] . Though the statistics gathered in these experiments is limited and the systematic errors related to normalization are large, one can clearly see that there is a strong increase of the non-trivial pair yield (in the M e + e − > M π 0 range) in d + p reactions over the one measured in p + p below 2 GeV, with maximum around E beam =1.25 GeV. New data obtained by HADES stimulated significant progress in understanding this phenomenon. Fig. 2 shows the e + e − invariant mass distributions obtained in p + p and, for the first time, in quasi-free n + p reactions, the latter one selected by tagging the proton spectator from d + p collisions, at E beam =1.25 GeV. While the p+p data can be described rather well by the incoherent superposition of the π 0 and ∆(1232) Dalitz decays, the p + n data shows a large excess over these two contributions at M e + e − > M π 0 . The situation is not changed by adding a small η contribution in the p + n case, appearing because of the neutron momentum distribution Dalitz decay region is reproduced taking into account the inclusive π 0 production cross section (σ pp π 0 = 4.5 ± 0.9 mb) from the resonance model [21] , which describes the existing data [22] , and the measured π 0 → e + e − γ branching ratio (1.2 ± 0.032% [23] ). To model the emission rate in the mass region above the π 0 -Dalitz region we follow the procedure used in microscopic transport calculations [12, 24, 25] . Since at an energy of 1.25 GeV/u pions are produced mostly through intermediate resonances [21] , the respective cross section for + production has been fixed to σ + = 3/2σ π 0 . As discussed in [26] , there are different prescriptions for the differential partial decay width dΓ →Ne + e − (Me+e− )/dMe+e− . In a quark-model picture the radiative decay can be associated with a spin flip and pure S-wave states for the quarks. Such a magnetic dipole transition is fully described by a magnetic transition form factor (GM ) and its magnitude at the photon point GM (0) = 3.02 ± 0.03, extracted from pion photo-production experiments [27] , is reproduced by [26] . In our simulation [20] we hence set electric and Coulomb transition form factors to zero, and use the expression for the Dalitz decay differential width given in [26] ; the result is shown in the upper panel of Fig. 1  (long dashed curve) . In this approach, a possible modification of the magnetic transition form factor due to intermediate vector mesons is not treated and it can therefore be regarded as a lower bound for Dalitz contributions to the pair spectrum. To illustrate the variation in pair yield due to different prescriptions of the form factor we also include in Fig. 1 (short dashed curve) the result of a calculation using the two-component quark model [28] , which is mostly driven in our kinematical range by Vector Meson Dominance (VMD). As expected, an enhanced yield is observed, in particular for high pair masses. Note that this model seems to provide a better description of the p + p data.
Next we also include the predictions of the OBE model calculations discussed above. We have parameterized the calculated differential cross sections obtained in [14] ; we have further assumed isotropic virtual photon emission and have included corrections due to N + N final state interactions. Details of the implementation can be found in [20] . The result of the simulation is shown in Fig. 1 as solid black curve. The yield calculated in this approach overestimates the measured spectrum.
We now discuss the deuteron induced quasi-free n + p reactions. The running conditions were the same as the ones used for the p + p run, except that LVL1A also required a coincidence with at least one charged particle hit in FW. In total, 1.3 × 10 9 events were recorded for d + p reactions. The lower panel of Fig. 1 displays the inclusive cross section for electron pair production measured in coincidence with the spectator proton in FW. To enhance the spectator character of the forward detected proton and suppress other reaction types we imposed a condition on its momentum (1.6 < psp /(GeV/c) < 2.6). The width of the required condition on the forward proton momentum psp is determined by the moderate experimental momentum resolution obtained from a time-of-flight measurement in FW. As for the p + p reactions, the dielectron invariant mass spectrum has been corrected for all inefficiencies and the CB has been subtracted. The overall normalization is obtained in an analogous way as for the p + p reactions using the simultaneously measured (quasi-)elastic p + p scattering yield. The total statistics of signal pairs amounts to 36 × 10 3 and to 1454 for pairs with invariant mass Me+e− > 0.15 GeV/c 2 .
The pair cross section in the π 0 mass region is a factor of ∼ 2 larger as compared to the p + p reaction, in accordance with the prediction of the resonance model [21] . The good agreement between the measured and the simulated yield in the π 0 mass region confirms our analysis and normalization procedure. The shape of the mass spectra changes dramatically when going from p + p to n + p interactions. In the intermediate mass region (0.15 to 0.35 GeV/c 2 ) the n + p yield is enhanced by a factor of about ten over the p + p yield while one would expect only a factor two if the were the only relevant source. Furthermore, in n + p reactions, the tail at high invariant mass extends much further and the ratio of the two spectra reaches almost a value of 100 at 0.5 GeV/c 2 . A similar observation was also made by DLS in p + d experiments for which the quasi-free n + p reactions could however not be isolated [13] . To further test the validity of the spectator assumption we studied the shape of the pair spectrum restricting the spectator emission angle to a very forward cone (0.3 • θsp 2
• ). No significant change of the shape of the resulting pair spectrum was observed [17] .
To model the n + p data we proceeded as in the p + p case, but added the following features to the simulation: (i) the available structure of the pion and the remaining 50% indirectly through the ρ 0 meson. FF2 provides a better description of the PEFF in the timelike region. The imaginary parts of both FF1 and FF2 are proportional to two-pion phase space-below two-pion production thresholds, both FF1 and FF2 are real. It should be stressed here that we have put both form factors on the mass shell. Given the high virtuality of the internal pions, the form factors should be functions of both pion momentum and the momentum transfer. However, knowledge of the off-shell pion form factor is still scanty-the recent extraction of the PEFF from the JLab electroproduction experiments essentially provides information about the on-shell pion form factors only (see, e.g., Ref. [41] ). Therefore, we use the on-shell PEFF in these calculations with a caveat that the off-shell PEFF could be larger than the on-shell one [42] .
In Fig. 3 (a), we show the effect of the PEFF and the contributions of the π 0 Dalitz decay and subthreshold ρ 0 decay process for the pp → ppe + e − reaction. We note that, for this case, the introduction of the electromagnetic form factors (which are assumed to be the same for both the proton and pion vertices) makes hardly any difference to the results obtained without them. We remark tha (pn and pp) estim increase the magni M value. Howeve the FSI-related en more than 15%-20 result is in agreem the deuteronlike fi because the HADE in their data.
In summary, we for dilepton produ including the pion e meson line in a w and employed it t Collaboration for th For the quasifre the electromagneti cross sections for Thus, the dilepton neuron reactions a electromagnetic for noted in the early w that time because o process. We find tha the ELM cross sec [30] . Results without (NEFF) and with (FF2) incorporation of the electromagnetic form factor of charged pions are shown separately. Solid curves show sum of these contributions with the subthreshold ρ production inside deuteron. The latter one is very well constrained by the known η meson production cross section and nucleon momentum distribution inside the deuteron (see for details [21] ). The shaded area shows the uncertainty related to the electromagnetic transition form-factor of the ∆(1232) → N e + e − decay calculated here within the two-component (quark core and pion cloud) model [28] . The solid curve shows predictions of [29] based on One-Boson Exchange model of the bremsstrahlung process taking into account the coherent sum of resonant (∆(1232) and non-resonant (so called "quasi-elastic" bremsstrahlung) contributions [29] . In Fig. 3 , we show results of recent OBE calculations [30] compared to HADES data which provide a better description. In particular, the very different shape of the p + n data is better accounted for, due to the incorporation of the electromagnetic form factor of the charged pion. This contribution is possible since, in contrast to the p + p reaction a charged pion can be exchanged. Although, the theoretical description of the p + n data is not yet finally settled, the data allow to construct the experimentally derived N + N reference spectrum, which we use for heavy ion reactions to account for the contribution of the baryonic sources. 
Results from p-A collisions
p + p and p + N b collisions at a beam energy of 3.5 GeV have been studied by HADES with the main goal to search for in-medium modification of vector mesons in cold nuclear matter. The large acceptance of the detector and the low energy of the beam allow for a detection of e + e − pairs down to low momenta (p e + e − < 1.0 GeV/c) which are not in the CLAS and E325 experiments. Differential e + e − production cross sections as a function of the e + e − invariant mass (shown in Fig. 4) , the momentum and the rapidity have been measured for both reactions [31] . The direct comparison of the measured distributions to the yields expected from the known hadronic sources (from a PYTHIA calculation) is shown for p + p collisions in Fig. 4 [24] . It reveals an unexplained strength below the vector meson pole which becomes even more pronounced in proton-nucleus collisions. As already discussed in the previous sections, one can expect such additional strength by a strong coupling of the ρ meson to low-mass baryonic resonances, which are not included in PYTHIA. They should be reflected in the respective electromagnetic transition form factors of R → N e + e − decays. Indeed, calculations [22] including the form factors of ∆ → N e + e − , obtained from the two component model [28] , describe the missing yield but leave no space for a contribution from higher-mass resonances. Since the latter one are poorly known, an alternative approach, based on a resonance model, is commonly used in transport models to describe these contributions. Namely, the dilepton decays of resonances with known decay branches to N ρ are modeled as two step process R → ρN → N e + e − using a e + e − mass dependent decay width calculated within the VMD model. Indeed, such approach can describe our data, as shown by calculations performed with GiBUU [22] , assuming strong contributions from D 13 (1520), S 31 (1620), P 13 (1720) and F 35 (1905) . However, as the authors of [22] conclude, this result should be taken with caution since the exact production cross sections of the resonances and their decay branches into ρN are subject of large uncertainties. We hope that further studies of exclusive reaction channels p + p → πN N and p + p → ppe + e − , reconstructed in HADES, will shed more light on this important aspect. Coming back to the p + N b data, we show in Fig. 5 comparison of the e + e − invariant mass distribution to the one measured in p + p reactions for two momentum bins of the outgoing dielectron pair. Here, the p + p cross sections have been scaled up by a ratio of the total cross sections for both reactions and the averaged numbers of participants calculated with a Glauber model:
With such scaling π 0 production measured in N + N describe describe our C + C data (see next section), and also, (see Fig. 5 ), pion Dalitz yield in p + N b. On the other hand, a strong increase of the e + e − yield below the vector meson pole above the p + p reference is visible for low momenta p e + e − < 0.8 GeV/c (see Fig.6, left panel) .
In order to better quantify this excess we subtract first, the ω peak in both data samples and further subtract the scaled p + p dielectron yield from the p + N b yield. The difference, shown in Fig. 6 -right panel, represents the additional e + e − radiation excess due to the medium. For the scaled spectra the resulting excess for p e + e − < 0.8 GeV/c corresponds to a factor 1.5 ±0.3 of the p + p data in the invariant mass region between 0.3 and 0.7 GeV/c 2 and shows an exponential decrease with an additional enhancement directly below the vector meson pole mass, i.e. between 0.6-0.7. Note that this enhancement is exactly at the position where a discrepancy is observed when comparing the p + p data with the PYTHIA calculation (Fig. 4) , indicating that both observations might be linked by the same physical process. This might be interpreted as a fingerprint of the contribution of secondary processes of the type p + p → πX, πN → R → N e + e − adding also to this mass region because of the aforementioned strong resonance-ρ couplings. On the other hand, most of model calculations based on hadronic manybody interactions predict that such couplings strongly modify the in-medium ρ meson spectral function. Therefore, final conclusions about in medium modifications of the ρ meson in cold lating known pion production cross sections [23] . The corresponding total reaction cross section amounts to σ pN b = 848 ± 127 [mb] . A detailed description of the procedure is given in [24] . In addition, the trigger efficiency of the first-level trigger, asking for a charged particle multiplicity larger than three, on inclusive e + e − pair production F (e + e − )= 0.92 was extracted from simulations and has been taken into account for the normalization of the dielectron distributions of the p+Nb run. In p+p collisions the normalization was obtained via the exclusive measurement of elastic p+p collisions and the known integrated cross section inside the HADES acceptance [21] . The efficiency corrected invariant mass distributions of e + e − pairs are shown in Fig. 2 for both collision systems. The colored horizontal bars represent the systematic uncertainties, which result from the quadratic sum of errors estimated from the different particle identification methods (10%), from consistency checks of the efficiency correction (10%), including the uncertainty due to combinatorial background subtraction as well as the uncertainty from the normalization (15%). The total systematic error amounts to 21% in case of the p+Nb data while for the p+p data the systematic uncertainty is 20%. For the comparison of the spectral shape of the invariant mass distributions only the systematic errors of the normalization are taken into account as the other sys-
tematic errors are assumed to cancel to first order. For the p+p data a dielectron cocktail was generated using an adapted version of the event generator PYTHIA, see [21] for details. There are four distinct mass regions:
2 ] < 0.7 (dominated by direct ρ decays and Dalitz decays of baryonic resonances and ω mesons) and 0.7 < M ee [GeV/c 2 ] (ρ and ω dominated) as can be seen from the cocktail. Moreover, around 1 GeV/c 2 a low statistics φ signal is visible, which will be discussed in a future publication making use of additional information from its hadronic decay channel. The underestimation of the dielectron yield in the mass region from 0.47 < M ee [GeV /c 2 ] < 0.7 points to an insufficient description of the coupling between ρ mesons and baryonic resonances. This coupling will enhance the e + e − yield mainly below the ρ pole mass due to kinematical constraints given by the mass distribution of the resonances as well as the ones of the vector mesons [25, 26] . Following vector meson dominance, the coupling of the vector mesons to baryonic resonances is related to the electromagnetic structure of the corresponding baryonic transitions. There is then no distinction between the direct Dalitz decay of baryonic resonances (N * → N γ * ) and the intermediate coupling to the rho meson decay (N * → N ρ → N γ * ) and we will refer to them in the following as "ρ-like contribution".
In order to compare the spectral shapes, the p+p data are scaled up according to the nuclear modification factor R pA , defined as:
While A pp part = 2, a value of A pN b part = 2.8 is estimated with the help of a geometrical nuclear overlap model [27] . We use σ pp reaction = 43.4 mb from [28] . This choice of scaling lating known pion production cross sections [23] . The corresponding total reaction cross section amounts to σ pNb = 848 ± 127 [mb] . A detailed description of the procedure is given in [24] . In addition, the trigger efficiency of the first-level trigger, asking for a charged particle multiplicity larger than three, on inclusive e + e − pair production F (e + e − )= 0.92 was extracted from simulations and has been taken into account for the normalization of the dielectron distributions of the p+Nb run. In p+p collisions the normalization was obtained via the exclusive measurement of elastic p+p collisions and the known integrated cross section inside the HADES acceptance [21] . The efficiency corrected invariant mass distributions of e + e − pairs are shown in Fig. 2 for both collision sys- 2 ] (ρ and ω dominated) as can be seen from the cocktail. Moreover, around 1 GeV/c 2 a low statistics φ signal is visible, which will be discussed in a future publication making use of additional information from its hadronic decay channel. The underestimation of the dielectron yield in the mass region from 0.47 < M ee [GeV/c 2 ] < 0.7 points to an insufficient description of the coupling between ρ mesons and baryonic resonances. This coupling will enhance the e + e − yield mainly below the ρ pole mass due to kinematical constraints given by the mass distribution of the resonances as well as the ones of the vector mesons [25, 26] . The inset shows a linear zoom into the vector meson region together with a fit to the ω peak for the p+Nb data. Right: for pairs with P e + e − <0.8 GeV/c. The p + p data have been scaled as described in the text [31] nuclear matter can be derived only, if a consistent treatment of the spectral shape of the meson in the medium together with a correct handling of the additional yield from secondary reactions is achieved.
As the ω meson is concerned, we observe that for slow pairs the yield at the ω pole is not reduced, however, the underlying smooth distribution is enhanced. Thus, the yield in the peak is almost zero within errors. This indicates a strong ω absorption in contrast to the pairs from the underlying continuum. Assuming that the ω cross section scales with the mass number as σ pN b = σ pp × A α we obtain α =0.38± 0.29 for slow pairs and α=0.67 ± 0.11 for p e + e − > 0.8 GeV/c. Furthermore, an analysis of the ω width shows, within the error bars, no significant broadening. Both observations are in line with the results of the CBELSA-TAPS experiment [32] , although one should note that in contrast to the p + A reactions for the photon induced reactions no initial state effects and consequently a stronger scaling could be expected.
Results from A-A collisions
In the 1 − 2 AGeV energy range, particle production in heavy-ion collisions is dominated by pion production which originates mainly from the ∆(1232) resonance. Multiplicities of heavier mesons, mainly η, are already very low (of order 1 − 2%). Production multiplicities for π 0 and η mesons are known from their decay into real photons from former TAPS measurements at GSI [33] . The dielectron invariant-mass distributions measured with HADES in the light C + C (at 1.0, AGeV) [34] and the medium-heavy Ar + KCl (at 1.756 AGeV) [35] systems are shown in Fig. 7 .
The spectra are normalized to the mean of the charged pion (π + , π − ) yields, measured is justified by the agreement of the scaled p+p data with the p+Nb results in the invariant mass region below 150 MeV/c 2 (see Fig. 5 below) and the calculations in [26] . A unique feature of the HADES setup is its coverage for low momentum pairs. This allows for the first time to compare the invariant mass distributions for e + e − pairs with momenta, down to 0.2 GeV/c and larger than 0.8 GeV/c. The respective contributions are shown in Fig. 3 ; for pairs with P ee > 0.8 GeV/c (left panel) the dielectron yield from p+Nb is slightly lower compared to the scaled p+p data, pointing to absorption of produced mesons inside the nucleus and subsequent particle production in secondary reactions. These second generation particles have then on average smaller momenta and therefore contribute more to the low momentum dielectron sample. The shape of the spectrum is identical to the reference p+p data within errors. Moreover, the width of the ω peak can be deduced by fitting a Gaussian function to the peak, assuming a smooth background underneath. The corresponding fit, together with a linear zoom into the vector meson region for the p+Nb data, is displayed [31] independently by HADES, and extrapolated to the full solid angle. At this energy and for these collision systems, it is a good measure of neutral pion multiplicity. The differential distributions obtained in such a way are compared to the expected mesonic e + e − cocktail from the π 0 , η Dalitz and ω decays according to the measured (for π 0 and η) and extrapolated (from the m T scaling for ω) multiplicities. One should underline that the ω peak visible in the invariant mass distribution in Ar + KCl collisions allows for the first measurement of meson production at such a low energy (below its free N − N threshold). As one can see, the e + e − cocktail composed from the meson decays does not explain the measured yields for both collision systems and leave room for a contribution expected from the baryonic sources discussed above: resonance Dalitz decays (mainly ∆(1232)) and nucleon-nucleon bremsstrahlung. This conclusion is also supported by our analysis of the shape of excitation function of the missing contribution that appears to be very similar to the one measured for pions, governed by ∆(1232) creation, but very different from the one established for the η meson [35] .
In order to search for a true in-medium radiation off the dense nuclear phase of collisions we compare e + e − production rates found in nucleus-nucleus reactions with a proper superposition of the production rates measured in elementary collisions. For this purpose, we plot in Fig.  8 the ratio of the pair multiplicities measured in nucleus-nucleus collisions, shown in Fig. 7 (and also for C + C at 2 AGeV), to the averaged 1/2(M e + e − pp + M e + e − pn )/M π 0 obtained from the e + e − cross sections shown in Fig. 2 and the known π 0 cross section for the elementary reactions. Furthermore, before the ratios are computed we subtract for all distributions the respective η Dalitz contributions. The latter is motivated by a very different excitation function of the η meson production in nucleus-nucleus and nucleon-nucleon reactions and hence allows for comparison of collision systems measured at different beam energies. Normalization to the M π 0 takes into account the beam energy dependence of baryonic sources discussed above and also the dependence of particle production on system-size via scaling with an average number Figure 7 . Left: e + e − production rates normalized to the π 0 yield as a function of the invariant-mass distribution measured in C + C collisions at 1 AGeV compared to thermal dielectron cocktail of mesonic sources (π 0 , η, ω) after freeze-out [34] . Right: Similar distributions but obtained for Ar + KCl collisions at 1.756 AGeV [35] . Shaded area shows invariant mass region where the pair excess from in-medium radiation has been identified (for details see text). Different widths of the ω peak in simulated cocktails accounts for different mass resolution in both experiments of participants A part , which holds at SIS18 energy range (for more details see [35] ). As one can see all distributions agree in the π 0 mass range confirming our normalization procedure. Furthermore, the ratio is consistent, within statistical and systematic errors, with the one for C + C collisions at 1 and 2 AGeV. It means that indeed, pair production in the mass range M e + e − < 0.6 GeV/c 2 in C +C collisions can be described as sum of contributions stemming from (i) baryonic sources, extracted from the N + N collisions, which yield scale as pion production and (ii) the η, π 0 mesons accounting for the radiation after freeze-out. This observation explains the long standing "DLS puzzle" of the unexplained yield measured in C + C collisions by not correctly accounted baryonic contributions. In this context we emphasize that the DLS and HADES data agree within errors bars as shown by a dedicated analysis [34] .
However, a significant excess (2.5-3) with respect to the N + N reference is visible for the Ar + KCl system above the π 0 mass, signaling an additional contribution from the dense phase of the heavy ion collision. This means that going to the larger collision system Ar + KCl (A part for Ar + KCl 40 should be compared to A part 8 for C + C for our trigger conditions) a stronger than linear scaling of the pair production with A part is observed. This observation can be interpreted as a signature of the onset of a contribution of multi-body and multi-step processes in the hot and dense phase created in collisions of nuclei of sufficiently large size. In this context, the propagation of short-lived baryonic resonances seems to play a main role. The penetrating nature of the dilepton probe allows to observe an effect of "shining" of the baryonic matter integrated over the whole collision time. A further important test of this scenario will be provided by data recently obtained from Au + Au collisions at 1.25 GeV .
Interesting new results on the vector meson production in heavy-ion collisions at SIS18 have also been obtained from analysis of Ar + KCl data. Besides the ω signal discussed above, a surprisingly strong φ meson production have been found from an analysis of the of the Ar+KCl system (N/Z = 1.15). Due to the normalization and the common acceptance both distributions agree in the π 0 Dalitz peak. They differ, however, strikingly for masses between 0.15 and 0.5 GeV/c 2 where the yield from the heavy system exceeds the NN reference by a factor of ≃ 2.5 − 3. This is also visible in the change happens in the nature of the excess yield when going to the heavier system. Consequently, in contrast to the C+C system, Ar+KCl can not anymore be seen as a superposition of independent N+N collisions. A more complex picture involving multi-body and multistep processes and maybe even in-medium modifications of the involved hadrons is required. Note also that a scaling with the number of binary nucleon-nucleon collisions N coll might be more appropriate to describe the observed variation of the excess yield with system size. Indeed, N coll calculated within a Glauber approach [28] increases faster than A part when going from our LVL1 C+C to LVL1 Ar+KCl events, namely by a factor 6.1 for N coll vs. 4.5 for A part .
Combining the dielectron results from HADES and from the former DLS experiment we can now study the evolution of the excess over cocktail with beam energy and system size. To do so we have compiled in Fig. 6 the excess yields integrated over the mass region M ee = 0.15 − 0.5 GeV/c 2 from all available reaction systems [6, 8, 9] . For comparison, inclusive π 0 and η multiplicities measured in photon calorimetry with the TAPS detector [10, 11] are plotted as well. Note that all yields are extrapolated to the full solid angle 3 and are normalized to their respective average A part in order to compensate for differences in the centrality selection of the various experiments. The normalization also takes out the trivial system-size dependence of the yields, as visible from the closeness of the C+C and Ca+Ca meson curves 4 . The somewhat smaller pion multiplicity per A part of Ca+Ca can be attributed to meson re-absorption in this larger system. Note, however, that the eta multiplicities start out with the opposite behavior at low beam energy and switch only around E beam =1.5A GeV to the absorption-dominated scaling. This crossing can be explained by the transition from the sub-threshold regime, where multi-step processes favored by a larger reaction volume are important [29] , to above threshold production.
Next one can see that the dielectron excess follows pion production with rising bombarding energy, as we stated already before [8] . This turns out to be true for both the C+C and Ca+Ca collision systems, as one can see 3 Assuming similar geometric acceptances for excess pairs and η Dalitz pairs. 4 We consider here the systems Ar+KCl and Ca+Ca as being equivalent in size and isospin. Figure 8 . Ratio of e + e − invariant mass distributions measured in Ar+KCl and C+C with subtracted η meson contribution to the N + N reference spectrum, obtained as described in text. Total errors, statistical and systematic are added quadratically and indicated by the shaded band [35] .
below the production threshold in free N +N collisions (E NN thr = 1.89A GeV). One expects that most of the omegas contributing to this peak decayed after having left the reaction zone, i.e. after freeze-out. Recently measured ω photoproduction cross sections [31] [32] [33] have been interpreted [1] in the sense of a strong broadening (up to 150 MeV) of the decay width of this meson in the nuclear medium already at normal nuclear density. We do not observe such a modification in our omega signal: the shape of the observed peak is solely determined by the detector response, i.e. by the intrinsic momentum resolution of the HADES tracking system. In this mass region also ρ 0 decays and baryonic resonance decays are expected to contribute to the dielectron yield, but they add up to a broad continuum underneath the omega peak. For masses above 0.9 GeV/c 2 the statistics is running out quickly and there is no recognizable structure at the pole position of the φ meson (M φ = 1.019 GeV/c 2 ).
All of this justifies to fit the whole mass region with the sum of a Gauss shape and an exponential function, as shown in Fig. 7 . The fit (χ 2 /ndf = 11.8/18) provides a peak position of M ω = 0.770 ± 0.011 GeV/c 2 , a width of σ ω = 0.022±0.010 GeV/c 2 , and an integrated signal over the continuum corresponding to (3.9 ± 1.7) · 10 −8 . The peak centroid agrees hence within about one standard deviation with the listed ω pole position at 0.783 GeV/c 2 [34] . Furthermore, detector simulations show that part of the observed down-shift (≃ 10 MeV) is due to the combined energy loss of the electron and positron in the inner part of the HADES detector. The peak width is dominated by the HADES mass resolution σ/M at the ω pole mass of 3%. Finally, its integral has been corrected for the branching ratio of the direct e + e − decay [34] as well as for the acceptance of 0.29 (obtained from a Pluto simulation done for a thermal source with a temperature of T = 84 ± 2 MeV, as found in our φ → K + K − analysis [35] for the φ meson). This resulted in a normalized yield of N ω /N π 0 = (1.9 ± 0.8) · 10
, corresponding to an omega LVL1 multiplicity of M LV L1 ω = (6.7 ± 2.8) · 10 −3 . Fits with more sophisticated peak shapes taking into account the slightly asymmetric momentum response of the detector gave very similar results. The acceptance correction depends mildly on the phase-space distribution used in the Pluto simulation: it ranges from 0.34 at T = 50 MeV to 0.24 at T = 140 MeV (see also the discussion of the pair m ⊥ slopes in the next subsection). It depends even less on the assumed polar distribution: 5% decrease when varying A 2 from 0 to 1. All those effects are finally subsumed into an additional systematic error on the multiplicity of 25%. With the ω yield known, both its contributions -Dalitz and direct -to the pair cocktail can be simulated in Pluto; they are shown together with the mass spectrum in Fig. 3 . The ω decays contribute evidently only a small part to the total pair yield at intermediate and low masses. Note finally that the average ω momentum in the nucleus-nucleus centerof-mass within the HADES acceptance is found from our data to be p = 0.43 GeV/c. This is at least a factor two smaller than the momenta typically observed in ω photoproduction experiments [31] [32] [33] . The ω multiplicity can be discussed in the context of either a scenario of complete thermalization at freezeout or, in the other extreme, of production in elementary N +N collisions. As HADES is a general-purpose charged-particle detector, besides the dielectron results presented here, a wealth of information has been obtained as well on hadron production in Ar+KCl. These findings have already been published in [20] [36] on Ξ − , and finally in [37] on Λ and Σ ± . In particular, from our K + − K − correlation analysis [35] , a LVL1 φ multiplicity of M φ = (2.6 ± 0.7(stat) ± 0.1(sys)) · 10 −4 has been found as well as a transversemass slope at mid-rapidity of T φ = 84 ± 8 MeV. Together with the ω multiplicity, this gives a φ/ω ratio of R φ/ω = 0.043
−0.015 (stat) ± 0.011(sys). The experimental ratio can be compared to various predictions, running from pure m ⊥ scaling in 4π solid angle, giving R ≃ 0.042, to a full-fledged statistical hadronization model calculation performed with the THERMUS code [38] fitted to our hadron yields [37] and resulting in R = 0.063 ± 0.008. Hence, statistical descriptions agree within error bars with the experimental R φ/ω . As already Figure 9 .
Comparison of the measured R φ/ω ratio (HADES) and statistical model value (THERMUS fit) as well as a compilation of data from the p + p and π + N reactions (see text). The ratio is plotted as a function of the excess energy above the threshold for the exclusive production in p + p and π + N reactions [35] .
state (see Fig. 10 ) [36] . The acceptance corrected φ/K − ratio is found to be 0.37 ± 0.13 which translates into a fraction of 18 ± 7% of negative kaons coming from φ decay. Furthermore, assuming that non-resonant K + K − production is of the same size, as it is know from N + N reactions, an even larger contribution of reactions other than strangeness exchange (π − hyperon → K − N ), assumed before to be the dominant process in K − production, should be expected. This, for example, can indicate that the φ meson is produced in multi-step processes involving short-lived resonances. Such scenario is corroborated by BUU transport calculations [37] which reproduce the yields and spectral distributions of K + K − and φ mesons. Fig. 9 shows the ratio of the φ to ω multiplicities measured in Ar + KCl collisions at 1.756 AGeV, together with predictions of the statistical model THERMUS and results from elementary reactions [35, 36] . The data points are plotted as a function of the excess energy above the production threshold for the exclusive φ production in p + p and π + N reactions, respectively. One can see from this comparison that in the heavy-ion reaction R φ/ω is more than one order of magnitude larger than in N + N collisions and also at least a factor 3 − 5 larger than in pion-induced processes. On the other hand, the ratio is consistent with the thermal model assuming full thermalization and no suppression due to OZI rules. The ratio could of course also be influenced by different absorption processes of both mesons in nuclear matter. Indeed, the results from cold matter experiments, mentioned in the introduction, indicate larger absorption of the ω meson as compared to the φ what could enhance the in-medium R φ/ω . The effect of ω absorption and the absence of such effect on the φ was also observed by NA60 in In + In collisions at 158 AGeV [38, 39] .
In-medium effects on kaons have been studied by means of K 0 s meson transverse momentum distributions in Ar+KCl collisions at 1.76AGeV taking advantage of the good acceptance of The resulting invariant mass distribution for the K + -K − pairs is shown in Fig. 6 (top) where the φ signal is clearly visible. Despite the fact that the kaon identification is more selective for the particles that hit the TOF detector than for those that hit the TOFino detector, the presence of the peak at the nominal φ mass with signal-to-background ratio better than 1 (see Fig. 6 ) shows that the purity of our selection is satisfactory for this investigation. Nevertheless, the continuum visible under the φ peak is contaminated with misidentified kaons and cannot be considered for quantitative conclusions on the K + -K − nonresonant pair yield. To extract the φ signal, the mixed-event technique was employed for the determination of the combinatorial background. Because a fourfold KCl target stack was used, only events in which the reaction took place in the same target segment were combined. The selection was done by calculating the minimal distance of the global event vertex with respect to the nominal target positions. Additionally, only events belonging to the same centrality class (MUL ± 4) were combined. The resulting combinatorial background distribution is shown by the hatched histogram in Fig. 6 (top) , where the normalization has been obtained by scaling the mixed-event distribution to the same-event distribution (arithmetic sum) in the invariant mass region 1050-1400 MeV/c 2 . Figure 6 (bottom) shows the signal distribution after the background subtraction. We obtain for the reconstructed φ meson mass m φ = (1017.8 ± 0.9) MeV/c 2 , a width of σ φ = (6.2 ± 0.8) MeV/c 2 , and a total statistics of 168 ± 18 counts. To extract the geometrical acceptance and the reconstruction efficiency, a GEANT3 simulation of a "white" φ meson spectrum 025209-5 Figure 10 . Invariant mass distribution of
The combinatorial background (shaded area) is obtained by the mixedevent technique. The background-subtracted distribution (bottom) shows a φ meson signal (grey area with a Gaussian fit) [36] K K 0 0 s s in in medium medium potential potential and and Λ Λ (1 (1 • new data will come from p+A new data will come from p+A • ..and Au+Au (+ flow measurement) Figure 11 . p t distribution of the experimental K 0 S data (full triangles) together with the results of the IQMD model including a repulsive K 0 -nucleus potential of 46 MeV (dashed curves) and without potential (dotted curves) [40] .
kept fixed at the e cut quantity. The al distances of exlations (see below) stribution of Ã-À ed, a narrow signal n. For an invariantnd the peak center, to be attributed to ematic errors. The ificance amount to tematic error of the when dividing randomly the data sample into two subsamples, the Ä À subyields were found-within errorscompatible with half of the above quoted total yield.
Corrections for the finite acceptances and reconstruction efficiencies were deduced from simulations. Thermal Ã's (Ä À 's) characterized by the temperature parameter T Ã (T Ä À ) were generated with the event generator PLUTO [16] . The experimental Ã rapidity distribution is found slightly broader than the thermal model distribution [12, 17] . Consequently, in PLUTO we allowed also for anisotropic, i.e., longitudinally elongated, phase-space distributions. For this purpose, an additional width parameter for the rapidity distributions of a Gaussian of width y is taken into account. The Ã parameters are chosen such that the simulation reproduces both the experimental values of the The full curve represents a Gaussian fit to the Ξ − (1321 signal) [42] width approximately scales with the square root of mass ( y ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi T=m 0 c 2 p ), and second, the cascade particle may carry less longitudinal momentum than the Ã hyperon, since it contains only one light quark which arises from projectile nucleons. With the given parameters and their ranges, we calculated the average HADES acceptance (including the branching ratio for the decay Ã ! p À ) for the Ã to acc;Ã ¼ 0:160 AE 0:009 and for the Ä À to acc;Ä À ¼ ð9:6 þ2:3 À2:1 Þ Â 10 À2 . The simulation data are processed through GEANT, modeling the detector response. The GEANT data were embedded into real experimental data and processed through the full analysis chain. Relating the outputs, after cuts, to the corresponding inputs, the average Ã and Ä À reconstruction efficiencies were estimated to eff;Ã ¼ ð6:1 AE 0:3Þ Â 10 À2 and eff;Ä À ¼ ð5:5 AE 0:5Þ Â 10 À2 , respectively. [Note that both efficiencies are almost equal because of the higher survival probability with respect to cut (iii) of secondary Ã's as compared to primary ones. Thus, the loss due to the additional cuts (iv)-(viii) is compensated to a large extent.] We confirmed our acceptance and efficiency corrections by extracting the Ã yield [12] which is found to be in agreement with existing data [17] . With the above correction factors, the ratio of Ä À and Ã production yields can be determined. Such a ratio, when derived from the same data analysis, has the advantage that systematic errors cancel to a large extent. The ratio is calculated as 
where statistical and systematic errors are given, resulting from adding the individual ones quadratically. The statistical error in (1) is dominated by the 20% error of the Ä À signal, while the systematic error is governed by the stabil-
The Ä À =Ã ratio has been estimated for Au þ Au within a statistical approach [18] . While RHIC [2] , SPS [3, 4] , and AGS [5] data are well described, the present experimental Ä À =Ã ratio is underestimated by the model yielding 4 Â 10 À4 (cf. Fig. 4 ). Figure 13 . The excitation function of the Ξ − (1321) to Λ + Σ 0 ratio measured by HADES (full circles) and other high energy experiments (empty symbols) compared to statistical model predictions [42] (solid curves). The arrow depict the Ξ − (1321) threshold [42] HADES at low transverse momentum for the K 0 s → π + π − reconstruction [40] . We compared p t distributions for different rapidity bins with the corresponding results by the IQMD transport approach with and without taking into account a repulsive K 0 -nucleus potential. For all rapidity bins, but most evidently at mid-rapidity (shown in Fig. 11 ), data support calculations with the repulsive potential. Our data suggest a repulsive in-medium K 0 potential of about 40MeV strength which is slightly higher as compared to results obtained from experiments studying K 0 s production off nuclei [41] . The ability of HADES for the selection of displaced secondary vertices arising from week decays and the high statistics accumulated for the collision system Ar + KCl at 1.76AGeV allowed to investigate the deep-threshold production ( √ s N N − √ s thr =-640MeV) of the doublestrange Ξ − (1321) hyperon [42] . The Ξ − (1321) was reconstructed in the Λ − π − invariant mass distribution, shown in Fig. 12 , thanks to a high-purity signal of Λ identified in the p−π − invariant mass distribution. Fig. 13 shows the ratio of production rates of Ξ − (1321) and Λ + Σ 0 as a function of the total CM energy in N + N collisions measured by HADES and other high-energy experiments. The reconstructed strength of the signal is compared to calculations performed for Au + Au collisions with the statistical model of [43] . While high-energy data are well described, the present experimental ratio is underestimated, by the model, by a factor of 10 yielding 4 × 10 −4 . Utilizing the statistical model package THERMUS [44] and fitting all particle yields, except Ξ − (1321), measured in Ar + KCl collisions we obtained temperature T=73±5 MeV and a chemical potential µ b = 780 ± MeV [45] and an even lower (by factor 2) as compared to [43] ratio of Ξ − (1321)/Λ + Σ 0 production. In the recent work [46] , the strong Ξ − (1321) production observed in our experiment has been accounted for by strange exchange reactions of the type hyperon-hyperon → NΞ − (1321). nevertheless, further high statistics measurements, in particular of the differential production cross sections, are needed to shed more light on this problem.
Conclusions
We have presented new results on dielectron and strangeness production in N −N , proton-nucleus and nucleus-nucleus collisions. The e + e − invariant mass distributions measured in p + p and p + n collisions at 1.25 GeV reactions provide an important reference for heavy ion collisions. In particular, we find that the anomalous increase of the pair production in p + n collisions, stemming presumably from the bremsstrahlung process, is the main contribution explaining dielectron production in the light C + C collisions. However, we also observe a significant pair excess in the 0.15< M e + e − <0.5 GeV/c 2 mass range with respect to this N + N reference for the medium size Ar + KCl system, signaling an additional contribution from the dense phase of the heavy ion collisions. We interpret this as a result of continuous radiation ("shining") from short lived baryonic resonances (mainly ∆(1232)) regenerated in multi-step processes in dense nuclear matter. An important verification of this scenario will be provided by Au + Au data recently collected by HADES.
We find that ρ meson production in our energy range is strongly affected by a strong coupling to low-mass baryonic resonances which is reflected in a significant broadening of the meson spectral function already visible in p + p reactions. These interactions might lead to a further meson modification in cold and dense nuclear matter but a quantitative assessment can only be made after these couplings are better constrained. Presented results from p + p, p + N b collisions at 3.5 GeV and further planned studies of the resonance Dalitz decays in exclusive reaction channels are of utmost importance.
Studies of the ω production off nucleus show a strong absorption of the meson in nuclear matter in accordance with the results from photon induced reactions. The ω and φ signals have also been reconstructed in Ar + KCl collisions at energies below the N − N production threshold. A surprisingly large R φ/ω production ratio (more than one order of magnitude larger than in N + N collisions) has been found, indicating no suppression for the φ production and consequently a significant contribution to the K − production. Also a strong enhancement of the double strange Ξ − (1321) production has been found, even above predictions (factor 10) of statistical models. This intriguing results calls for further experimental studies which will be performed with larger collisions systems. Our programme of investigations of the in medium kaon potential has been started with the measurement of K 0 production in Ar + KCl revealing a strong (U=40 MeV) repulsive potential. Further studies of K 0 potential in cold nuclear matter are on the way with already collected p + N b data. Charged kaon production by means of flow measurements are planned with future Ag + Ag collisions. 
